Terminal marking of triosephosphate isomerase: consequences of deamidation.
Mammalian triosephosphate isomerase spontaneously deamidates at Asn71 and Asn15 located at the subunit interface of the isologous dimer. These deamidations have been proposed to constitute the terminal marking event in the degradation of the enzyme. A series of physical and chemical studies detailed here reveals that the overall structure of the enzyme is substantially altered by these deamidations. The far-uv CD spectra show a 30% lower secondary structure with a blue shifted ellipticity minimum and increased fluorescence (10-22%) with a red-shifted emission maximum (8.7-15.6 nm) indicates exposure of tryptophans to a more polar environment. Increased binding of the fluorescent hydrophobic probe 1,1'-bis(4-anilino)-naphthalene-5,5'-disulfonic acid to the deamidated enzyme corroborates these spectral observations and also suggests that the hydrophobic residues at the subunit interface are exposed as a result of the deamidation. Decreased subunit cross-linking (80 vs 20%) of the deamidated enzyme by the bifunctional reagent ethylene glycolbis (succinimidylsuccinate) also indicates a loosening of the two subunits at the interface. These structural changes are accompanied by a decreased thermal stability (3.1 degrees C lower Tm) and an increased susceptibility to dissociation in urea. The terminal marking also results in the generation of new proteolytic sites and increases the susceptibility to proteolysis. Hybrid dimers from rabbit and yeast (lacking Asn71) showed that deamidation of the rabbit Asn71-yeast Asn15 pair does not accelerate deamidation of the remaining rabbit Asn15 site, indicating that deamidation of Asn71 is a prerequisite for deamidation of Asn15. These studies are consistent with the proposal that the specific deamidations at the subunit interface cause significant structural changes which lead to degradation of the protein.